Abstract-Collaborative Software Engineering is increasingl y carried out from multiple, ph y sicall y separated, locations around the globe. Software engineers are no longer tied to a fixed work place and have the opportunit y to work from the location of the customer, their home and even from their holida y location. When working in such a distributed setting, software engineers also need information about the context in which the y are working to be able to collaborate el1'ectivel y with their colleagues. In the last decades multiple technological solutions were developed b y the Software Engineering communit y to fulfill this need.
working in such a distributed setting, software engineers also need information about the context in which the y are working to be able to collaborate el1'ectivel y with their colleagues. In the last decades multiple technological solutions were developed b y the Software Engineering communit y to fulfill this need.
However, the majorit y of these solutions onl y support a single aspect of the development process, so each developer has to manuall y anal y ze, filter and combine the available information in order to acquire a sufficient level of awareness. Manuall y anal y zing, filtering and combining available information can however be quite time-consuming and therefore we focus on how to automate this process. In this paper we present our vision on how auto-erected virtual office walls can help distributed software engineers to relativel y passivel y and unobtrusivel y accomplish this automation.
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I. INTRODUCTION
In collaborative work, awareness information is essential to properly cooperate with your colleagues [1] , [2] . With awareness information we mean the information which is necessary to provide you with the context in which you are working. Examples of such information items are: information about the other members in the project team, their activities, and information about the current state of the project. Dourish and Bellotti more formally define awareness as [3] : "An understanding of the activities of others which provides a context for your own activity". For software engineers it is essential to have a sufficient level of awareness, because Software Engineering is a collaborative activity which requires engineers to coordinate their efforts to be able to produce a functional system. However, both due to the globalization of business [4] , [5] , [6] and due to the fact that people work from home more and more [7] , people no longer share a physical work envi ronment and as a consequence cannot exchange information without technological support. So, in order to collaborate with colleagues in a distributed setting, technological support is required to be able to acquire and maintain awareness.
In the last decades the (Global) Software Engineering community has developed many technological solutions to support globally dispersed teams in performing their tasks.
Portillo-Rodriguez et al. [8] provide a systematic mapping review of available tools in the field of Global Software Engineering and what functionality these tools offer. Several of the tools discussed are widely adopted by distributed develop ment teams and provide the team members with information.
Most of these solutions only support a single aspect of the development process and as a consequence many diverse tools are needed to provide the user with all the information he or she needs. Accordingly, all this information needs to be analyzed, combined and filtered manually by each developer to acquire the information necessary to create the context of his current activity. However, this process can be quite time-consuming, therefore we focus on how to automate this process. In this paper we focus on how to provide distributed software engineers with the awareness information they need.
As such the research question of this paper is:
"To which extent can the introduction of virtual office walls help provide distributed software engineers with the context of their current activity?"
We will answer this research question as follows. In section II we define virtual office walls and introduce two prerequisites of the construction of these. Next, in section III, we look at the first prerequisite and discuss that both access to data from a wide variety of tools is needed and the means to integrate it to create valuable information. Subsequently, in section IV, we look at the second prerequisite and discuss a way to describe the context of a software engineer. In section V, we validate our representation of the context of a software engineer in an industrial setting. Finally, we present conclusions and discuss opportunities for future work in section VI and VII.
II. VIRTUAL OFFI CE WALLS
As discussed in the introduction, Software Engineering is a collaborative activity which requires potentially many developers to coordinate their actions to be able to produce a system. In order to coordinate their actions developers need to distribute awareness information among each other. In the traditional co-located setting all information is available in a single place, the office building, and is accessible by all employees present at that location. In such a co-located setting awareness information is exchanged relatively passively and unobtrusively [1] , [9] . But, how are the developers capable of abstracting useful information without experiencing an 391 978-1-936968-36-7 © 2012 leST overload of information? Probably this has mostly to do with the design of the office building [10] . In general an office building consists of several rooms, for example a foyer, a kitchen, meeting rooms and offices. All of these rooms have their own characteristics; the meeting room, for example, has several attributes which facilitate group discussions such as a white board, a beamer and the room's size. By moving around in the building and selecting a room which characteristics match the developer's needs, a developer is able to change the context of his activities. Another example is that people who work on related tasks are often seated in close proximity to each other. By organizing their work environment in such a way, they can easily exchange awareness information between all involved stakeholders. So, when working in a co-located setting, developers are continuously aware of information related to their current task.
However, in a distributed setting developers no longer share a physical work environment and as a consequence cannot exchange information without technological support. So, in order to collaborate with their colleagues developers need to use technological solutions to be able to retrieve information relevant to their current task. The Software Engineering com munity has developed several solutions to fulfill this need, but most of these solutions only support a specific type of information and this information cannot be processed by other solutions directly [8] . Therefore, developers need to manually analyze the available information to be able to construct the information they need. This increased complexity of informa tion analysis may result in misunderstandings, inconsistencies, incompatibilities and duplicated information [8] .
To be able to acquire awareness in a relatively passive and unobtrusive fashion, such as in the co-located setting, we need to automate this analytical process of accessing, combining and filtering the available information. In essence we need to automate the process of restricting the available information to the information that an actor needs to carry out his current activity. We propose to call this mechanism a 'virtual office wall' and define it as: "A mechanism which regulates infor mation based on the context it encloses". The remainder of this paper will address the design of such a mechanism. To do this we first discuss the prerequisites: (i) access to a data set which at least contains the required data at a certain time and (ii) a method to differentiate between required and not required information. When these prerequisites are met it is straightforward how the mechanism of a virtual office wall can be constructed. For the second prerequisite we discuss a specific method and we test the validity of our approach in a practical case setting as well.
III. SELECTING AND COMBINING INFORM ATION
The first prerequisite of a virtual office wall concerns having access to a data set which at least contains the required data at a certain time. In this section we discuss that to fulfill this prerequisite both access to data from a wide variety of tools is needed and the means to integrate this to create valuable information.
In a co-located setting all information is available in a single place and developers are able to gather all required information in a relatively passive and unobtrusive fashion. In a distributed setting, however, all required information is scattered across multiple sites and technological solutions are needed to ex change this information. It is even impossible to collaborate effectively without some kind of technological support when people do not share a physical work environment. Therefore, in order to collaborate effectively with distributed colleagues, the Software Engineering community has developed a wide variety of tools. Several of these tools are widely adopted by Global Software Engineering teams. Example are: configura tion management systems, bug trackers and Instant Messaging solutions. However, the majority of these technologies only supports a single aspect of the development process. So to be able to provide the developers with sufficient information during the entire development process many specialized tools are needed [8] . Because the majority of these solutions focuses on managing a specific type of information, this informa tion cannot be processed by other solutions directly. As a
consequence developers need to manually analyze, filter and combine the available information to acquire the information they need to perform their current task. Therefore, access to a wide variety of tools is needed to fulfill the prerequisite of having access to a data set which at least contains the required data at a certain time. Because of the wide variety of systems a wide variety of access mechanisms is needed as well. Additionally, data from the different systems often needs to be combined to create valuable information. The process of combining information from different sources is often referred to as integration and we will further illustrate its value, origins and future by discussing the Coordination Pyramid defined by Sarma et al. [11] . manner. An example of such a technology is a workspace awareness tool, such a tool provides its users with information about potential conflicting activities undertaken by other users of the system. In this layer it is essential to focus on the interplay of awareness cues presented by the tools and the responses of the developers to these cues to be able to provide a stronger context of one's activities. Because, the stronger a context for one's activities the stronger the opportunity for developers to self-coordinate with their colleagues to swiftly resolve any emerging coordination problems.
Finally, Sarma et al. [11] leave the top of the pyramid open as they believe new paradigms of coordination will emerge as technology and organization practices continue to evolve. However, they do define the ultimate goal (the top of the pyramid) of coordination technologies: to achieve continuous coordination. In other words, the goal is to achieve ''jlexible work practices supported by tools that continuously adapt their behavior and functionality so coordination problems are minimized in number and impact" [12] . In this scenario developers no longer need to use specific coordination tools since coordination and work activities are integrated in a single environment providing its users with all the necessary information. We completely agree with this, since when all necessary information is integrated into a single environment and such an environment provides the necessary information and functionality in a seamless and effective manner it can be used to collaborate effectively with your distributed col leagues.
IV. CONTEXT OF AN ACTOR
The second prerequisite of a virtual office wall concerns a method to differentiate between required and not required information. In this section we argue that a valid representation of the context of an actor is sufficient to achieve this. Therefore we introduce Activity Theory as a means to represent the context of an actor and argue it is an appropriate representation of Software Engineering activities as well.
Tell et al. [13] propose the use of Activity Theory in order to both structure and describe the context in which distributed software engineers perform their tasks. The origins of Activity Theory are threefold: (i) classical German philosophy, (ii) the writings of Marx and Engels and (iii) the Soviet Rus sian cultural-historical psychology of Vygotzky, Leont'ev and Luria [14] . The theory was further improved by Leont'ev, one of the three Russian psychologists [15] and became popular after Engestrom introduced it to the western world. One of Engestrom's main contributions is a systematic representation of the theory; the activity system (see figure 2) . All these elements together represent a single human activity resulting in a single outcome.
In addition to modeling a human activity, it is also necessary to describe the hierarchical structure of that activity. Because, such a structured overview is needed to be able to relate a single human activity to activities carried out by the rest of the team. Leont'ev defined a hierarchical model of human activity which consists of three levels [15] : Next, they change the subject to the evaluation manager and emphasize on his/her motive to evaluate a candidate solution.
For this activity, from the perspective of the evaluation man ager, the same two mappings are applied and discussed. This decomposition can be further applied to a point at which the activity is performed through actions facilitated by technology [13] .
Finally, Tell et al. [13] to determine the degree of relatedness between activities. In our opinion using Activity Theory is an appropriate way to describe the context of an actor and as such also to determine which information is required while performing a activity.
V. INDUSTRIAL EV ALUATION
In the previous section we concluded that contexts described 3) Which actors are involved while carrying out an activity?
A. Site 
B. Data gathering and analysis
To answer the three questions, we performed a Focus
Group [17] , [18] to gather the qualitative data we needed.
We conducted a Focus Group to gather the insights, ideas, viewpoints and opinions of the people participating because such a setting enables the participants to build on the responses and ideas of others. This process increases the richness of the information gained [19] . We used this method because of its ability to discover new insights and because it is a cost efficient way of obtaining practitioner experience. The Focus Group we conducted lasted approximately 45 minutes and we 
C. Findings
In this section we discuss and present the findings of the industrial study. The four most frequently carried out activities are shown in figure 4 . We only show the four most frequently carried out activities because the participants of the Focus Group unanimously decided those are the most important ones.
Next, we discuss the differences between the contexts of the four most conunon activities and reflect on these differences.
Firstly, we can see that in the four most common activities we already identified three different communities, namely: (i) team, (ii) team and organization, and (iii) team, organization and customer. These differences in actors involved in the activity make it possible to regulate information based on the social context. So, for example, when testing a new or Secondly, we can also see that the artifacts and concepts used by the subject of the activity differ between the four activities.
This makes it possible to filter the information based on the current activity of an actor. When creating new software, for example, an actor does not need information about the upcoming appointments of his colleagues. These two results both confirm the conclusion that applying Activity Theory to the field of GSE can help provide distributed software engineers with relevant information.
D. Limitations
In this section we discuss the limitations of using a Focus
Group to gather empirical data as well as the limitations of the empirical evaluation we performed. The first limitation is that all participants worked for a single company; because of this we can only draw conclusions which are internally valid. The internal validity is significant however, since six of the nineteen employees participated in this study (32%). In order to draw more externally valid conclusions the empirical study should be repeated with a sample which more accurately represents the total population of software engineers.
There are also Focus Group specific limitations which have to do with group dynamics, communication styles and the social acceptability of certain topics and opinions which can all influence the discussion and therefore introduce bias [17] , [18] . We dealt with these limitations by defining and following a predefined structure to be able to control the overall content of the Focus Group and to make sure that group dynamics did not steer the discussion in an undesirable direction. In order to minimize the negative effects of social acceptability we emphasized the importance that everyone should contribute to the discussion. We also used sticky notes to force everyone to think about the question in advance to reduce the temptation to agree with the loudest person or the first person to give his opinion. The final limitation is the possibility that participants have hidden agendas [17] .
VI. CONCLUSION
In this paper we have discussed how the the introduction of virtual office walls can help provide distributed software engineers with the context of their current activity. We dis cussed that in essence a virtual office wall is an automation of restricting the available information to the information that an actor needs to carry out his current activity. Subsequently, we discussed the two prerequisites: (i) access to a data set which at least contains the required data at a certain time and (ii) a method to differentiate between required and not required information. As a way to implement the second prerequisite we discussed Activity Theory, how this can be applied to represent the context of software engineers and validated this application in a practical setting. As such, the main contributions of this paper are the following:
• The definition of a virtual office wall as "A mechanism which regulates information based on the context it encloses"
• The prerequisite of a virtual office wall that both access to data from a wide variety of tools is needed and the means to integrate this to create valuable information showing the ongoing conversations of all users.
We have chosen to start by supporting standard synchronous communication since our stakeholders identified this as highly valuable because they spend a large portion of their time in communicating. Subsequently we added some information about the actors: (i) their availability because they want to know who is available to decide whether or not to try and contact someone, (ii) their current activity to be able anticipate on this, (iii) tomorrow's work location to be able to more easily identify possibilities for working co-located and (iv) their approachability to be able to know how to contact someone.
Finally, we added a list of ongoing conversations to provide users insight in the conversations their colleagues are having.
Currently, we are using Iris to put the ideas discussed in this paper into practice. We are designing a way to incorporate the concept of virtual office walls in this platform to provide dis tributed software engineers with relevant information related to their current context. We propose to do this by providing the users with a mechanism to contextualize the awareness information. An example of such a mechanism is that a user can define a project group, in which all information about a specific project can be clustered, such as project members, project description, project message board, outstanding project issues and related conversations. Subsequently, the context of a user is confined to one of these projects based on his current activity. We are planning to implement this functionality in the upcoming iterations. One of the main challenges in this is visualizing the contextualization of the awareness information.
Next to designing and implementing this concept in Iris, it should also be evaluated in an industrial setting. We will eva 1-uate the concept of virtual office walls at IHomer because on the one hand, physically distributed collaboration is common since the default location to work from is the employee his home and as such the people have experience with dealing with the difficulties of working distributed form each other.
On the other hand, all the employees of IHomer are using the system in their daily activities which enable us to acquire all the information we need to evaluate this concept.
